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Abstract : This paper gives an experimental verification of a recent work by the authors to verify the location of the active device on the 
microslrip patch antenna for the highest possible radiated power At the patch design frequency location (/,) ol the device on the patch has been 
lounil theoretically for the highest possible radiated power by considering a modified transmission line model and dcvicc-antenna non-lincar 
mkraclion Experimental results show very good agreement with theory. Patches are designed at two frequencies of 9.5 (illz and 9 0 GH/ and an 
X-band 50 mW Gunn diode is used as an active device Diode placed at tJie desired location, power output of the active antenna is 64 0 mW and 
iLs dc-lo-RF conversion efficiency is almost comparable to that of its waveguide tuned version Due to proper matching of the device and antenna 
impedances, radiation pattern of the active antenna improves greatly in addition to the lowering of its cioss polarisation level
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I. In tro d u c tio n
lypical re q u ire m e n ts  o f  c o n v e n tio n a l  m ic ro w a v e  sy s tem s  
like radar, m iss ile  g u id a n c e  a n d  c o m m u n ic a tio n  e q u ip m e n ts  
are large a m p lif ie rs  to  p ro d u c e  h ig h  p o w e r  b e a m , w a v e g u id e  
tor Us low  loss a n d  h ig h  p o w e r  c a p a b ili t ie s  a n d  m o to rs  fo r  
scanning th e  a n te n n a  m a in  b e a m . B u t a ll th e se  c o m p o n e n ts  
are bulky, o c c u p y  la rg e  s p a c e  a n d  n o t v e ry  e a s ily  ro u ted . 
Most e ffic ien t r e p la c e m e n ts  h a v e  b e e n  fo u n d  in th e  a c tiv e  
antenna array  [ I ] w h e re  a c t iv e  d e v ic e s  a re  in te g ra te d  d ire c tly  
into the a n ten n a  p la t fo rm .
l^^ctangular m ic ro s t r ip  p a tc h e s  (p o te n tia lly  th e  m o s t 
attractive c a n d id a te  fo r  a n te n n a  p h a s e d  a rra y s )  in te g ra te d  
with tw o te rm in a l a c tiv e  d e v ic e  lik e  G u n n  d io d e  o r  th re e  
terminal M E S F E T  d e v ic e s  v e ry  w e ll s e rv e  th e  p u rp o se  o f  
radiating a n te n n a  w h ic h  is c a lle d  a n  a c tiv e  a n te n n a  o r q u as i-  
optical tra n sm itte r . N u m b e r  o f  su c h  a n te n n a s  m a y  be 
integrated to  fo rm  an  a r r a y  fo r  g e n e ra t in g  h ig h  p o w e r m ain  
w hich c a n  a ls o  b e  e le c tro n ic a l ly  s c a n n e d  o r  s tee red  
As a m a tte r  o f  fa c t, th e  n u m b e r  o f  p u b lic a tio n s  on  
photonic b eam  fo rm in g  [5 ] a n d  n o n -m e c h a n ic a l s te e r in g  [6] 
this k ind  o f  a r r a y s  a re  in c re a s in g  ra p id ly  d a y  b y  day .
S eco n d ly , in d iv id u a l rad ia tio n  p a tte rn s  o b ta in e d  w ere  
ir re g u la r  h av in g  h ig h  c ro ss -p o la r is a tio n  lev e ls  (C P L ) w h ich  
re d u c e s  rad ia tio n  e ff ic ien cy  an d  u se fu ln e ss  o f  th e  an ten n a . 
H en ce , it w as  fe lt to  th e  a u th o rs  th a t th e  d e s ig n  o f  re c ta n g u la r  
ac tiv e  m ic ro s tr ip  p a tch e s  w ere  n o t p ro p e r ly  a d d re s se d . B ased  
on a c cu ra te  tra n sm iss io n  line  m o d e l an d  c o n s id e r in g  d e v ic e  
a n te n n a  n o n -lin e a r  in te rac tio n , a m o re  ex a c t d io d e  p la c e m e n t 
lo ca tio n  w as g iv en  [7] by  th e  p re se n t a u th o rs  fo r  th e  h ig h e s t 
p o s s ib le  ra d ia te d  p o w e r . In th is  p a p e r ,  e x p e r im e n ta l  
v e rif ic a tio n  to  su p p o rt th e  th e o re tic a l re su lts  as p re se n te d  in 
[8] h as b een  p e rfo rm ed . T h e  d io d e  is p la c e d  at d if fe re n t 
lo ca tio n s  in to  th e  an te n n a s  a lo n g  w ith  th e  d e s ire d  lo ca tio n  
an d  th e  p e rfo rm a n c e  o f  th o se  an te n n a s  like  its p o w e r  o u tp u t, 
freq u en cy  an d  p u rity  o f  th e  sp ec tra l o u tp u t, ra d ia tio n  p a tte rn  
e tc . a re  m easu red .
2. D e s ig n  o f  a c t iv e  a n te n n a
F ig u re  l a  sh o w s th e  c o n fig u ra tio n  o f  th e  ac tiv e  an te n n a . A 
G u n n  d io d e , th a t se rv es  th e  p u rp o se  o f  an  a c tiv e  d e v ic e , is 
in teg ra ted  to  re c ta n g u la r  m ic ro s tr ip  p a tch . T h e  re so n a n t 
freq u en cy  o f  the  re c ta n g u la r  p a tch  in th e  d o m in a n t T M io  
m o d e  is [9 ,10 ]
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L is th e  len g th  o f  th e  p a tc h , is re la tiv e  d ie le c tr ic  c o n s ta n t 
a n d  c  is th e  v e lo c ity  o f  ligh t. T h is  re s u lt h o w e v e r  ig n o re s  
th e  f r in g in g  f ie ld  e f fe c t a t th e  p a tc h  e d g e s . So  a c o rre c tio n  
fa c to r  is a p p lie d  [9 ] to  o b ta in  a c c u ra te  p a tc h  d im e n s io n  fo r  
a  p a r t ic u la r  re s o n a n t f re q u e n c y . H o w e v e r, p la c e m e n t o f  a 
p il l  ty p e  d io d e  in  th e  p a tc h  a lte rs  th e  re s o n a n t fre q u e n c y . 
H e n c e  a  d e v ia t io n  in th e  o p e ra t in g  f re q u e n c y  o f  th e  a c tiv e  
p a tc h  a n te n n a  is o f te n  fo u n d  fro m  its d e s ig n  f re q u e n c y  [11 ]. 
U s in g  a  m o d if ie d  tra n sm is s io n  lin e  m o d e l [8 ], th e  in p u t 
c o n d u c ta n c e  (G jn) a n d  th e  m a x im u m  ra d ia te d  p o w e r  (-Prlmax) 
o f  th e  a c tiv e  p a tc h  w e re  d e d u c e d  as  a  ftin c tio n  o f  d io d e  
p la c e m e n t lo c a tio n  (/O  as  fo llo w s  :
Gi„ = [ 2 G  +  0 .5 (G , +  ^ y o ' ) £ ] s e c 2 ^ ; r i j ,  (2 )
/ ’r L « = - ^ ^ s e c 2 |  ; r ^ j ,  (3 )
/, = -JrC O S -' - 2 G „  +0.5{G, + RtYo^)L) .
(4 )
G  d e n o te s  th e  to ta l p a tc h  c o n d u c ta n c e  w ith  Gr a n d  G„ a re  
ra d ia tio n  a n d  m u tu a l c o n d u c ta n c e s  re s p e c tiv e ly , G , is  th e  
in tr in s ic  c o n d u c ta n c e , R\ is th e  in tr in s ic  re s is ta n c e , Jo is th e
c h a ra c te r is tic  a d m itta n c e , G j  is th e  d io d e  c o n d u c ta n c e  and 
y  is th e  n o n - l in e a r  d io d e  c o n s ta n t. V a lu e s  o f  th e  diffcrerii 
a n te n n a  p a ra m e te rs  w e re  ta k e n  o r c a lc u la te d  as  in [9,1()| 
E q . (3) g iv e s  th e  v a lu e  o f  m a x im u m  ra d ia te d  p o w e r for ilu 
d io d e  p o s itio n  l\ as g iv e n  in eq . (4 ).
3 . E x p e r im e n ta l  o b s e r v a t io n  a n d  d is c u s s io n
T w o  se ts  o f  fiv e  p a tc h  a n te n n a s  a re  fa b r ic a te d  a t tw o  spot 
f re q u e n c ie s  ( ^ )  o f  9 .0  G H z  an d  9 .5  G H z  b y  u s in g  0 .787  mm 
th ick  T a k o n ic  T L Y -5 -0 3 1 0 -C H /C H  su b s tra te  w ith  £r = 22 
A t th e  tw o  fre q u e n c ie s , len g th  o f  th e  p a tc h e s  a re  calculated 
a s  1 0 .7 9 8 8  m m  an d  1 0 .2 0 2 4  m m . T a k in g  th e  d io d e  dynamic 
im p e d a n c e  a p p ro x im a te ly  as 10 O , th e  o p tim u m  p o sitio n  (/|) 
is c a lc u la te d  as 4 .3 3  m m  a t a  fre q u e n c y  o f  9 .5  G H z. On the 
s im ila r  tw o  o th e r  p a tc h e s , d io d e s  a re  p la c e d  a t tw o  other 
lo c a tio n s  o f  5 .8 7  m m  a n d  3 .5 3  m m . F o r  th e  o th e r  variety 
(fr =  9 .0  G H z ), it is p la c e d  a t th e  p a tc h  c e n tre  (/i =  5.45  mm) 
a n d  a t  a n  a rb i tra ry  lo c a tio n  n e ith e r  o f  w h ic h  is th e  optimum 
lo c a tio n  ( / i )  to  g iv e  h ig h e s t p o w e r. T h e  e n tire  schem e is 
sh o w n  in F ig u re s  l b  a n d  Ic  w h e re  th e  d io d e  lo ca tio n s  have 
b e e n  m e a s u re d  fro m  th e  to p  e d g e  o f  th e  p a tc h e s . Gunn 
d io d e  w h ic h  se rv e s  as  th e  a c tiv e  d e v ic e  is a  com m ercially 
a v a ila b le  M A -C O M  X -b a n d  50  m w  p a c k a g e d  G u n n  diode 
(M A  4 9 1 0 6 ) . T o  g e t a  c o m p a ra tiv e  p ic tu re , sa m e  diode is 
u se d  fo r  a ll th e  f iv e  p a tc h e s . T h e  re s u lts  a re  given in 
T a b le s  1 -3 .
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Tibic Calculated and measured operating frequencies for two set of 
patch antennas. __________________________________________
o f  th e  fu n d am en ta l p o w er. T o '^have h ig h e s t fu n d a m e n ta l 
p o w e r o u tp u t, the  su g g es ted  e q u a tio n  fo r lo ca tin g  th e  d io d e
Antenna l\ (mm) Calculated f Measured fr % Error p o sitio n  is
(GHz) (GHz) ^ilnew = /i “  d io d e  cap  d iam e te r /2 ,
A-I 5.87 9.5 9 77 2 84 w h ere  th e  d io d e  cap  d ia m e te r fo r th e  ty p e  o f  G u n n  d io d e
A-2 4.33 9.5 9.76 2.74 u sed  h e re  is a ro u n d  3 m m .
A-3 3.53 9.5 9 646 1.54 (ii) P rec ise  v a lu e  o f  the  d io d e  d y n am ic  c o n d u c ta n c e
A-4 5.45 9.0 9 036 0.34 ch o sen  to  ca lc u la te  l\.
A-5 arbitrary location 9.0 9.82 9.11 (iii) M an u fac tu rin g  and  o th e r to le ran ces  a sso c ia te d  w ith
l abk 2. Measured active antenna power at the operating frequencies
Antenna Operating Bias voltage (V)/ Oscillator FJRP(mW) 
Frequency (GHz) Current (mA) Power (mW)*
p a tch  an te n n a  itself.
A-l
A-2
A-3
A-'l
A-5
9.77 
9 76 
9.646 
9 036 
9 82
12.64/381 
11.90/390 
11.10/420 
11.00/303 
10 70/322
29.8 186 S3
35.9 225 10
64 33 403 6
1.0 6 14
2 57 16.10
* C iilculaied using a pa.ssive antenna gain of 7.97 dBi [91.
I able 3. FfTiciency of the active antennas in comparison to its waveguide
Ope rating RF Power (mw) dc-to-RF conversion cfliciency (%)
(GH/) in w/g cavity m patch in w/g cavity m patch
9 77 64 10 29 80 1.42 0 62
91b 50.35 35.90 1.17 0.77
9 646 63 10 64.33 1 55 1.38
9 036 55.60 1.00 1 42
9 82 47 21 2.57 1 18
T ables 1 a n d  2 lis t th e  o p e ra tio n a l p a ra m e te rs  o f  th e  
antennas like  fre q u e n c y , p o w e r  etc. F o r  th e  p a tc h e s  A - l to  
A-4, d iode h a s  b e e n  p la c e d  a t th e  p o in ts  (W/2, / j) , w h e re  IV 
is the w id th  o f  th e  p a tc h . F o r  th e  p a tc h  A -5 , th e  p o s itio n  o f  
the d iode o n  th e  p a tc h  is a rb itra ry  {x, y). It is fo u n d  from  
Table 2 th a t p a tc h  'A -3 ' (l\ == 3 .5 3  m m ) g iv e s  th e  h ig h e s t 
radiated p o w e r th o u g h  th e  p o s itio n  o f  th e  d io d e  o n  th e  p a tch  
should be  l\ -  4 .3 3  m m  (p a tc h  A -2 ). D io d e  p o s itio n  on  p a tch  
A-l is th e  c o n ju g a te  to  th a t o f  p a tc h  A -3  [8]. O ffse t in the  
diode p lace m en t lo c a tio n  ( / i )  fo r  th e  h ig h e s t p o ss ib le  rad ia ted  
power m ay  b e  a ttr ib u te d  to  th e  fa c ts  as  b e lo w .
(i) A b o v e  e x e rc is e  is b a s e d  o n  th e  a ssu m p tio n  th a t th e  
diode is a p o in t so u rc e . B u t in  p ra c tic e , it is n o t so . A n a ly s in g  
an equ iv a len t tu n e d  c irc u it m o d e l o f  th e  patch«[ 13], it is seen  
that the v a lu e  o f  l\ fo r  w h ic h  fu n d a m e n ta l p o w e r is m ax im u m , 
IS very c lose  to  th e  p o in t a t w h ic h  se c o n d  h a rm o n ic  m a x im u m  
occurs (F ig u re  2 ). W h e n  th e  d io d e  is p la c e d  a t th e  p o in t {l\ 
" 4.33 m m ), it in f r in g e s  in to  th e  su sc e p tib le  z o n e  o f  se c o n d  
harm onic o sc illa tio n . T h is  m a y  c a u se  a s ig n if ic a n t re d u c tio n
Figure 2.
F igu re  2 a lso  ex p la in s  th e  low  p o w e r o u tp u t o f  th e  p a tch  
an te n n a  A - l .  W hen  th e  d io d e  is p lace d  fu r th e r  u p  (/i <  3 .53  
m m ), rad ia ted  p o w e r is fo u n d  to  d e c re a se  a lo n g  w ith  
s ig n ifican t d ev ia tio n  in th e  o p e ra tin g  fre q u e n c y  (/r). It can  
a lso  be n o ted  from  th e  ab o v e  d a ta  th a t a  little  sh if t fro m  the 
e x ac t lo ca tio n  on th e  p a tch  red u ces  th e  R F  p o w e r to  a large  
ex ten t.
T he  freq u en cy  e rro r is o n ly  1.54% , w h ich  s ig n ifie s  th a t 
the  o p era tin g  freq u en cy  is a lm o st sam e to  th e  d esign  freq u en cy  
(fr). H en ce , th e  freq u en cy  e rro r is m u ch  lo w e r in co m p a riso n  
to  as re p o rte d  e a rlie r  [12] fo r  c irc u la r  s tr ip lin e  p a tch es , dc- 
to -R F  co n v e rs io n  e ff ic ie n c y  o f  th e  an te n n a  fo r th e  h ig h es t 
possib le  rad ia ted  po w er is a lm o st c o m p arab le  to  th e  w av eg u id e  
tu n e d  o sc illa to r  (T ab le  3).
R ad ia tio n  p a tte rn s  a re  m e a su re d  fo r th ree  an ten n a s , 
n am e ly , A -3 , (ac tiv e  pa tch  th a t o ffe rs  th e  b es t p e rfo rm a n c e ) , 
A -5  (ac tiv e  p a tch  w ith  a rb itra ry  d io d e  lo c a tio n ) a n d  a p a ss iv e  
p a tch . R ad ia tio n  p a tte rn s  a re  m e a su re d  in free  sp ace  (m o re  
sp ec ific a lly  in lab o ra to ry  e n v iro n m e n t)  w h ich  a re  g iv en  in 
F ig u res  3 an d  4. A  co m p a ra tiv e  p ic tu re  is a lso  v iv id  from  
th e  tw o  fig u re s  fo r b o th  £ -p la n e  an d  / / -p la n e  p a tte rn s . P ro p e r 
p la c e m e n t o f  the d io d e  in th e  p a tch  n o t o n ly  im p ro v e s  its 
- rad ia tio n  e ff ic ie n c y , b u t a lso  re m o v e s  th e  ir re g u la rity . 
A d d itio n a lly , lo w erin g  in c ro ss  p o la r isa tio n  lev e l (C P L ) 
o ccu rs  w h ich  w as su p p o sed  to  b e  o n e  o f  its d ra w b a c k s  [10]. 
N o rm a lly , th e  in se rtio n  o f  so lid -s ta te  d e v ic e  in to  a  p a tch  
a n te n n a  d is tu rb s  th e  fie ld s  w ith in  th e  a n te n n a  c a v ity , w h ic h
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causes a large deviation in the antenna radiation pattern. 
However, the approach as reported by the authors [8], offers 
very encouraging results compared to the others as verified
C -P M P M n t
F ig u re  3.
F ig u re  4.
e x p e r im e n ta lly  in  th is  p a p e r. S p e c tra l p u r i ty  o f  th e  radiated 
sp e c tru m  is o b se rv e d  to  b e  a lm o s t c o m p a ra b le  to  th a t o f a 
w a v e g u id e  tu n e d  o sc illa to r .
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